
Project Introduction

Saturn's giant moon Titan has become one of the most fascinating bodies in
the Solar System. Titan is the richest laboratory in the solar system for
studying prebiotic chemistry, which makes studying its chemistry from the
surface and in the atmosphere one of the most important objectives in
planetary science. The diversity of surface features on Titan related to organic
solids and liquids makes long-range mobility with surface access important.
This has not been possible, because mission concepts to date have had either
no mobility (landers), no surface access (balloons and airplanes), or low
maturity, high risk, and/or high development costs for this environment (e,g.
large, self-sufficient, long-duration helicopters). We propose a mission study
of a small (< 10 kg) rotorcraft that can deploy from a balloon or lander to
acquire close-up, high resolution imagery and mapping data of the surface,
land at multiple locations to acquire microscopic imagery and samples of solid
and liquid material, return the samples to the mothership for analysis, and
recharge from an RTG on the mothership to enable multiple sorties. Prior
studies have shown the feasibility of aerial mobility on Titan for larger aircraft,
from 10 to 400 kg, but none of these studies were in the size range we
address and none addressed the daughtercraft, sampling, and recharging
scenarios we address. This concept is enabled now by recent advances in
autonomous navigation and miniaturization of sensors, processors, and
sampling devices. It revolutionizes previous mission concepts in several ways.
For a lander mission, it enables detailed studies of a large area around the
lander, providing context for the micro-images and samples; with precision
landing near a lake, it potentially enables sampling solid and liquid material
from one lander. For a balloon mission, it enables surface investigation and
sampling with global reach without requiring a separate lander or that the
balloon be brought to the surface, which has potential for major cost savings
and risk reduction. Both scenarios can involve repeated sorties due to the
recharge capability. Our phase 1 study activities will (1) develop mission
concepts of operations for deployment from a lander or balloon to acquire
context imaging and mapping data, to sample from solid surfaces and/or
lakes, and to return to the mothership to deposit samples and/or recharge;
(2) develop a parametric sizing model of the daughtercraft to characterize
propulsion, power, range, endurance, and payload capability for total
daughtercraft mass ranging from approximately 1 to 10 kg; (3) develop a
conceptual design and identify representative components the entire
daughtercraft hardware and software system for autonomous mobility,
including estimates of approximate mass, power, and energy budgets and
producing a representative CAD model; and (4) develop a conceptual design
and preliminary CAD model for a science payload on the daughtercraft,
including specifying a nominal instrument suite on the balloon or lander,
designing a compatible sampling mechanism to acquire solid and/or liquid
samples on the daughtercraft, and studying mechanisms and daughtercraft
behaviors necessary to transfer the samples to the instruments. The study will
be done by JPL with support from AeroVironment for rotorcraft expertise and
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developing the sizing model. By analyzing Titan's surface, this mission concept
may teach us volumes about prebiotic chemical evolution on a planetary
surface. This concept has potential for affordable insertion into Discovery, New
Frontiers, or Flagship missions and could provide a technology validation step
toward larger, self-contained Titan rotorcraft missions in the future. The
autonomy needed for this concept is also applicable to exciting rotorcraft
mission concepts for Mars and to in-situ exploration of Enceladus. It will
engage the public and has abundant, compelling opportunities for education
and public outreach.

Anticipated Benefits

This concept enables detailed studies of a large area around the lander,
providing context for the micro-images and samples; with precision landing
near a lake, it potentially enables sampling solid and liquid material from one
lander. For a balloon mission, it enables surface investigation and sampling
with global reach without requiring a separate lander or that the balloon be
brought to the surface, which has potential for major cost savings and risk
reduction.
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Organizations
Performing Work

Role Type Location

Jet Propulsion
Laboratory(JPL)

Lead
Organization

NASA
Center

Pasadena,
California

AeroVironment, Inc. Supporting
Organization

Industry Simi Valley,
California

Primary U.S. Work Locations

California

Project Transitions

October 2014: Project Start

June 2015: Closed out

Closeout Summary: Titan is the richest laboratory in the solar system for stud
ying prebiotic chemistry, with potential to inform us about how life originated on
Earth. In situ mobility has potential to revolutionize Titan exploration similarly to
the way rovers have revolutionized Mars exploration. Technology for small auton
omous rotorcraft has matured dramatically in the last decade and a 1 kg autono
mous rotorcraft is receiving intensive study for a potential technology demonstr
ation on Mars. This suggests that rotorcraft may have great potential for explora
tion of Titan, which has a much denser atmosphere and much weaker gravity th
an Earth and Mars, making it very favorable for aerial mobility from an aerodyna
mics perspective. Accordingly, we considered concepts of operation (CONOPS) f
or Titan aerial daughtercraft (TAD) in scenarios involving deployment from a lan
der or a balloon, developed sizing models to estimate TAD flight radius and payl
oad mass fraction as a function of total TAD system mass, and presented a conc
eptual design of key elements of an autonomous rotorcraft, with main focus on
assessing the maturity of needed autonomous navigation capabilities and showi
ng the existence of a plausibly feasible avionics architecture. We also showed a
preliminary concept for an integrated sampling device for acquiring solid and liq
uid samples and sketched a potential approach to estimate the position of the m
othership autonomously onboard, so that specific TAD destinations could be desi
gnated via Earth-based mission planning with prior remote sensing imagery. Fin
ally, we compared our model of TAD flight radius to the size of current Titan deli
very error ellipses and discussed the possibility of reducing the sizes of error elli
pses by using a guided parafoil as part of the entry, descent, and landing archite
cture.
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